The artificial aerosol is widely used in the modern battlefields to protect the potential targets and to conceal the movement of personnel and materials. In this paper, the double-band infrared extinction coefficients of the artificial aerosol have been calculated and compared with the experimental data. The particulates were assumed to be small spheres and Mie's theory was employed with the grain size distribution function being lognormal. The numerical and the experimental results show that the size distribution and the materials of the particles are decisive of their infrared extinction capability.
. INTRODUCTION
It is known that the infrared laser technology has been developing rapidly and widely used in detecting equipment and guided weapons. That has threatened the security of potential targets. As an effective means to reduce the performance of threatening infrared aiming, reconnaissance or guidance systems, artificial aerosol has been widely used in the modern battlefields 1, 2 . The artificial aerosol is composed of a large number of superfine airborne particles dispersed in the air between the protected target and the threatening infrared system. It can attenuate the intensity of the infrared energy of the target powerfully, so that the infrared reconnaissance systems cannot detect the target and recognise it. It is known that the extinction of the aerosol is dedicated to the absorption and scattering by the particles. The capability of absorption of the particles is determined by the molecular structure of the materials composing the aerosol, and the characteristic of scattering of the particle is attributed to its shape and size. To achieve the effective extinction and to make full use of the mass of the material, the ingredient, and the shape and size of the particulate should be judiciously selected 3, 4 . Once the material is chosen, it is important to determine the size distribution. In this paper, the main focus is on the size designing aspect of the infrared aerosol to find the optimal particle size distribution, which provides maximum band extinction per unit mass. The particles are assumed to be small spheres. Their extinction characteristics in two infrared windows, i.e., 3~5µ m and 8~14µ m spectral regions have been studied.
. EXTINCTION CHARECTERISTICS
Consider a layer of space containing a large number of small grains. A beam of electromagnetic energy illuminates the layer and penetrates it (Fig.1) . So the intensity of the transmitted energy (I t ) can be written as
where I 0 is the intensity of the incident energy, L is the thickness of the layer, is the wavelength of the electromagnetic wave, and ( ) is called the extinction coefficient. It is a parameter which describes the capability of the aerosol to attenuate the incident energy at a wavelength and it is a function of N and S. Here, N is the number density of the particles and S is called the extinction cross section of each particle. If all of the particles are of the same material and of the same size, the extinction coefficient can be written as
When the particles are of different size, the above expression becomes:
where f(D) is the distribution function of the diameter (D) of a sphere. Because the infrared sensors generally work in a certain waveband, the parameter of an average extinction coefficient ) ß ( , has been introduced which evaluates the ability of extinction in a waveband 1~2 . It can be written as 
where is the mass density of the particle material. According to Eqns (3), (5), (6) and (7), one gets the expression:
To calculate m and m ß , one must know the expressions of S( ,D) and f(D). S( ,D) is given by Mie's theory for the spherical particle:
where m = m 1 +im 2 is the complex refractive index of the particle material, u = mx, x = D/ and the prime denotes the derivative to the variable. The functions n (z) and
where j n and y n are the spherical Bessel functions of the first and the second kind, respectively.
As for the density distribution function f(D) of the particle diameter is concerned, it can be ] 2
in which is the natural log of the mean, > 0 is the natural log of the standard deviation.
NUMERICAL RESULTS
Firstly, the infrared extinction coefficients of carbon, brass and hollow sphere coated with brass at different wavelengths have been calculated. The results are shown in Figs 2-4. The mass density of the carbon, brass and hollow sphere coated with brass is 0.2 g/m 3 , 7.5 g/m 3 and 1.0 g/m 3 , respectively, and the complex refractive indexes of carbon and brass used in the calculation are presented in Tables 1 and 2. values of extinction coefficient per unit mass and the positions of maximum of the two types of materials are different. It's due to the different complex refractive indexes and different mass density of the two materials. It can be observed that the different mass density bring different extinctions as shown in Figs 3 and 4.
The above facts indicate that at different wavelengths, the size of aerosol should be different and the appropriate material should be chosen to achieve the optimal extinction. Secondly, the average extinction coefficient of carbon in the waveband 3~5 µ m and 8~14 µ m has been calculated. Figures 5 and 6 show the results of an average extinction coefficient per unit mass versus mean and standard deviation of Figure 2 shows the extinction coefficient per unit mass versus particle diameter at different wavelengths. The main features of these extinction curves are a flat response at small diameter, a maximum contribution in some diameter interval that shifts to larger sizes with longer wavelengths, and a convergence at large diameter to a common value that decreases with increasing diameter. The flat extinction at small diameter results completely from absorption. For sufficiently large particles (geometric optics limit) both scattering and absorption decrease as diameter increases and becomes independent of wavelength. Both scattering and absorption are rather large for particles with sizes comparable to the wavelength and reach the maximum at some diameter. It is found that each curve has a peak. The peaks have different locations and magnitudes. When grows up, the maximal extinction drops successively and shifts its location to the direction of decreasing . This means that in the range of and under consideration, to obtain maximal extinction, the particle diameter has better to be close to a certain value. In the meantime, both figures show the dependence of extinction upon at given values of . One can observe that the smaller is, the larger the peak corresponds to. Figures 5 and 6 show that the trends which change with and in the regions of 3~5 µm and 8~14 µ m are coincident, but the values differ. This fact indicates that in different wavebands, the distribution parameters should be different to achieve the optimal extinction. Table 3 . Figure 7 shows the density distribution of the particle diameter.
spheres coated with brass of certain mass in the box are puffed when the infrared radiometer is working. Then, one can get the transmitted power of the infrared source. The shape of the smoke box is cubic, and its volume is 1m × 1m × 2m with 2 m in height. The extinction coefficient can be worked out with the following equation: is the value of incident energy, , ) ( 2 1~L is the value of transmitted energy and L is the length of the path along which the infrared radiation travels.
The size distribution of the carbon particles used in the experiment is given by Eqn (14) with = 2.40 and = 0.41. The distributions of the two types of hollow spheres coated with brass used in the experiment are described in Fig. 9 , which reveals that the tested density distributions are similar to the density distributions used in the calculation. 
. EXPERIMENTAL RESULTS AND DISCUSSION
The average extinction coefficient per unit mass of the carbon particles and two types of hollow spheres coated with brass with the doubleband (3~5µ m and 8~14 µ m) infrared radiometer has been tested. The schematic of the experiment is shown in Fig. 8 . Firstly, the radiant power of the infrared source is tested when the smoke box is empty. Secondly, the carbon particles or hollow
Figure 9. Tested density distribution of the hollow sphere diameter coated with brass used in the experiment.
divide each curve into three portions. The first portion is a flat line obtained when the box is empty. When puffing the carbon particles, one get the second portion of the curve which contains one kurtosis and two valleys. It is the description of the process of screening. The third portion reflects the gradual dropping of the particles. One can calculate the extinction with the data in the initial part of the third portion. Figure 11. Transmittance curve of hollow spheres whose distribution is described by Fig. 9(a) . The tested average extinction coefficients per unit mass are shown in Table 4 . Comparing the numerical results with the experimental results, one can find that the results of both carbon particles and hollow spheres coated with brass are coincident to a certain extent. The difference may be owing to that the tested particles are not absolutely spherical.
. SUMMARY
In this paper, the application of the artificial aerosol has been discussed and the formula for studying its infrared extinction characteristics has been presented. The double-band infrared extinction coefficients of the aerosol have been calculated and compared these with the experimental data. It is assumed that the particles to be spherical with the diameter distribution being lognormal in calculating the infrared extinction coefficient of the carbon particles and two types of hollow spheres coated with brass particles.
From the numerical results, one can see that the size and complex refractive indexes of particles are very important to the particle's extinction capability. The results also show that at different wavebands, the size distribution parameters should be different to achieve the optimal extinction.
Comparing the numerical results with the experimental results, one can find that the numerical results of both the carbon particles and hollow spheres coated with brass coincide with the experimental results to a certain extent with the same particle size distribution parameters. The difference may be owing to that the particles used in the experiment are not absolutely spherical.
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